The aim of this study was to assess the quality of raw cow's milk from an automatic milking system. Samples of milk (48) were analyzed chemically and microbiologically and the somatic cell count, freezing point and inhibitor residues were determined. For comparison purposes, milk analysis data from two farms using conventional machine milking and 2008 milk analysis report data for the Czech Republic were used. All physical and chemical characteristics of the study samples were within the established limits 
) and Staphylococcus aureus count (1.1·10
1 CFU·ml -1 ). The study provides a comprehensive view on the quality of milk produced by robotic milking. The automatic milking system seems to be excellent in terms of milking and milk hygiene.
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The production of high quality milk and keeping the herd in good health are the main objectives in primary milk production. A milking robot -automatic milking system (AMS) seems to be a possible solution to meet these objectives.
Some authors have reported a 10 -15% milk yield increase, e.g. Wade et al. (2004) found the milk yield to be 12.4% higher, but others such as Billon and Touraine (2002) have observed, in contrast, milk yield reduction. Klungel et al. (2000) , Rasmussen et al. (2002 ), de Koning et al. (2003 , Svennersten-Sjaunja and Pettersson (2008) have reported AMS to have negative effects on milk indicators such as increase in the freezing point, in the total microbial count, in the free fatty acid content or in the somatic cell count. Klei et al. (1997) have found more frequent milking in AMS (3 times a day) to result in lower milk fat and protein contents. Others, e.g. Nielen et al. (1992) have reported positive effects of AMS on milk quality, more precisely lower incidence of pathogens, particularly of Staphylococcus aureus, a common cause of mastitis in dairy cow.
In keeping with automatic milking system, a low prevalence of mastitis in cows were found, therefore the aim of the study was to test milk from automatic milking system for physical and chemical properties, focusing on the somatic cell count and freezing point, and a broad spectrum of microbiological indicators. The results of our study can be with the values obtained by conventional machine milking systems on the farms with higher incidence of mastitis and also with the milk quality report for the Czech Republic in 2008.
Materials and Methods
Raw cow's milk samples were collected from a Czech farm that uses the automatic milking system (AMS) Lely Astronaut Evolution (The Netherlands).
In total, 48 bulk tank milk samples from second to third lactation Holstein cows were collected and analyzed. The milk samples were collected four times a month for one calendar year. They were added the preservative Broad Spectrum Microtabs ® II (D&F Control Systems, Inc., California, USA), except for those intended for freezing point determination and microbiological analysis. After cold transport to the laboratory (< 10 ºC), the samples were analysed within 24 h according to the respective standards (see below).
The following selected physical and chemical properties of milk were monitored: fat, proteins, casein, lactose, non-fat solids, freezing point, titratable acidity, somatic cell count and inhibitor residues. Milk composition was determined in compliance with Czech standard ČSN 57 0536 (1999) using a Bentley 2500 analyzer (Bentley Instruments, Minnesota, USA). The somatic cell count (SCC) was determined by flow cytometry using the fluoroopto-electronic method in compliance with Czech standard EN ISO 13366-3:1998 The obtained data were compared with the respective results from analysis of bulk tank milk samples from second to third lactation Holstein cows fed with similar rations, from two Czech farms using conventional milking systems, CMS A (n = 48) and CMS B (n = 48). The number of dairy cows in all farm was similar. Furthermore, the obtained data were compared with the 2008 nationwide data (2008-CZ) from the annual report entitled Cattle farming in the Czech Republic -the main indicators and results 2008 (Kvapilík et al. 2009 ).
Stat plus software (Matoušková et al. 1992 ) served for statistical analysis and paired t-test was used for the calculation of significance of differences (P = 0.01, P = 0.05) between milk indicators from AMS vs CMS A, AMS vs CMS B and AMS vs 2008-CZ.
results and discussion
The AMS milk composition and physical and chemical properties are presented in Table  1 . The average content (%) of chemical properties was following: fatt 3.79 ± 0.18, protein 3.46 ± 0.06, casein 2.67 ± 0.09, lactose 4.82 ± 0.04 and NFS 8.96 ± 0.11. Klungel et al. (2000) have found the milk composition, particularly the fat and protein contents, to depend on the milking frequency and milking system. They have reported a higher milk fat content (4.43% vs 4.37%) and higher milk protein content (3.49% vs 3.42%) before the introduction of AMS. Klungel et al. (2000) , de Koning et al. (2003) and Abeni et al. (2005) also found milk from AMS to be higher in free fatty acids (FFA). Abeni et al. (2005) have reported milk from AMS to have less natural creaming.
The Czech National Standard ČSN 57 0529 (1993) for raw cow's milk for dairy treatment and processing lays down the following limits: not less than 33.0 g·l -1 for the fat content, 208 -1 , it can be concluded that in all the collected samples, SCC was about half the limit and thus conforms to the applicable regulation, including the highest value of 237·10 3 ·ml -1 . Škarda et al. (1990) report SCC to range between 5,000 and 100,000·ml
-1 in milk of healthy first calvers and between 20,000 and 200,000·ml
-1 in milk of older dairy cows. Somatic cell count decreases with the increasing level of zoohygienic conditions, dairy cow health and welfare and milking conditions. Efforts should be made to keep SCC as low as 80,000 -100,000·ml
-1 or even lower, since the allowable limit of 400,000·ml -1 still indicates that a considerably high percentage of subliclinical mastitis occurs in the herd (Kadlec 1997) . Rasmussen et al. (2002) have reported that studies from several countries found higher SCC in milk after the implementation of robotic milking due to increase in new infections. In another study, Rasmussen et al. (2001) monitored the quality of milk during one year before and during one year after the implementation of AMS. They found increase in SCC after the implementation of AMS, particularly in the first three months. On the other hand, Klungel et al. (2000) have reported a non-significant reduction in SCC from 233·10 3 ·ml -1 to 217·10 3 ·ml -1 after the implementation of AMS. The mean freezing point (FP) was -0.521 ± 0.003 °C (range from -0. 526 to -0.517 °C), with three samples showing higher values than ≤ -0.520 °C, i.e. than the generally accepted limit laid down by ČSN 57 0529 (1998). This slight increase might be caused by a range of factors, given that FP is 75-80% modifiable by milk lactose and chlorides and the remaining 20-25% depend on milk calcium, magnesium, lactates, citrates, urea, etc. (Fox and McSweeney 1998) . Based on the analysis of 234 milk samples, Buchberger (1996) has found a significant negative dependence between FP and milk lactose and urea contents. Freezing point was higher in the samples lower in lactose and proteins. Many authors have confirmed increase in FP of milk extracted by AMS due to higher milk water content. For instance, Klungel et al. (2000) have reported a slight increase in FP in their study of the impact of robotic milking on the quality of milk on 28 farms. As a possible explanation for the reported increase of FP from -0.520 °C to -0.517 °C they suggest a higher milk water content resulting from more frequent cleaning of the system. When comparing the quality of milk before and after the implementation of AMS, Rasmussen et al. (2001) also found increase in FP, peaking in the first three months after the implementation of AMS.
The milk composition (fat, protein, lactose, non-fat solids) data for the AMS and conventional milking systems CMS A and CMS B and the 2008 milk analysis report data for the Czech Republic (2008-CZ) (Kvapilík et al. 2009 ) are compared in Fig. 1 .
As can be seen from Fig. 2 , SCC was lower in milk from AMS (221·10 3 ·ml -1 ) than in that from CMS A (242·10 3 ·ml -1 ), but the difference was not significant. Contrarily, significant differences in SCC were found between milk from AMS (221·10 3 ·ml -1 ) and that from CMS B (330·10 3 ·ml -1 ) and the 2008-CZ data (262.3·10 3 ·ml -1 ), (P = 0.01 and P = 0.05).
The freezing point of -0.522 °C determined for milk from AMS was higher (P = 0.01) as compared with those from other farms, i.e. -0.526 °C for CMS A, -0.526 °C for CMS B, and -0.527 °C for 2008-CZ, which is consistent with the findings of Klungel et al. (2000) .
Inhibitor residues were not found in any of the milk samples. It is suggestive of adherence to withdrawal times of veterinary drugs and removal of the treated dairy cows from milk production. The detection rate of inhibitor positive samples in the Czech Republic in 2008 was 0.12% (Kvapilík et al. 2009 ). Table 2 shows the microbiological quality of milk which is very good and Fig. 3 compares the data obtained for milk from AMS, CMS A, CMS B and some 2008-CZ report indicators (Kvapilík et al. 2009 ). Comparison of milk composition data from a farm using the automatic milking system (AMS), two farms using the conventional milking system (CMS A, CMS B) and the 2008-CZ report NFS-non-fat solids, AMS-automatic milking system, CMS A -conventional milking system -farm A, CMS Bconventional milking system -farm B, CZ -Czech republic Fig. 2 . Comparison of the somatic cell count in milk from a farm using the automatic milking system (AMS), two farms using the conventional milking system (CMS A, CMS B) and the 2008-CZ report AMS-automatic milking system, CMS A -conventional milking system -farm A, CMS B -conventional milking system -farm B, CZ -Czech republic, limit SCC -limit somatic cells count
Indicators
The standard plate count (SPC) was in the range of the order of 10 4 CFU·ml -1 throughout the year, with an average of 2.3·10 4 CFU·ml -1 which is considerably lower than the limit laid down by Regulation ( ; P = 0.05). This positive result mirrors primarily high adherence to good milking hygiene practices in the robotic milking system. The milking robot does the pre-milking teat brushing and milking cup cleaning in every milking session and also schedules regular thorough cleaning and disinfection of the whole milk piping including the bulk tanks. This all has a positive effect, since preventing the proliferation of microorganisms and subsequent contamination of milk. The separation of the first amount of extracted milk is also highly important. Similar data have been reported by Klungel et al. (2000) in their study of the impact of robotic milking on the quality of milk: they found a slight increase in SPC, followed by a plateau that causes no concern. Rasmussen et al. (2001) have observed a rise in SPC in the first three months after the implementation of AMS. The differences between our data and 211 Fig. 3 . Comparison of milk microbiological quality data from a farm using an automatic milking system (AMS), two farms using a conventional milking system (CMS A, CMS B) and the 2008-CZ report SPC -standard plate count, PPC -psychrotrophic plate count, CC -coliform count, E. coli -Escherichia coli count, ENT-enterococcus count, S. aureus -Staphylococcus aureus count, AMSautomatic milking system, CMS A -conventional milking system -farm A, CMS B -conventional milking system -farm B, CZ -Czech republic theirs are likely to arise from different zoohygienic conditions and AMS type used and the fact that AMS on the study farm has been in operation for several years. The counts of other monitored microorganisms were also low. Some microorganisms adapted rapidly to the changed conditions in the cooling technology. Species that are predominantly mesophilic and thermophilic in natural ecosystems have created psychrotrophic biotypes capable of growing at low temperatures (McGuigann et al. 1994) .
The psychrotrophic plate count (PPC) was 6.3·10 3 CFU·ml -1 , an increase to 10 4 CFU·ml -1 was observed in months 5 and 8. PPC accounted for 27% of SPC. In raw cow's milk, the PPC proportion in SPC varies widely depending on the level and type of contamination, temperature and storage time. Silveira et al. (1999) 1 CFU·ml -1 ) were significant at the levels of P = 0.01 and P = 0.05, respectively. The comparison of the E. coli, ENT and S. aureus counts in milk extracted by AMS, CMS A and CMS B showed lower bacterial counts (except for ENT) in the milk from AMS. Although the differences were of the order of 1 log unit, they were significant at the above mentioned levels. Moroni et al. (2002) who studied the incidence and spread of Staphylococcus aureus, a causative agent of mastitis, in relation to robotic milking concluded that the implementation of AMS reduces the spread of Staphylococcus aureus and thus increases milk quality. Although reporting a slight increase in bacterial counts in the first months after the implementation of AMS, Nielen et al. (1992) have not clearly revealed a negative effect of robotic milking on milk quality in their study where no incremental cases of mastitis were observed. Furthermore, they have reported AMS to be associated with a reduced incidence of mastitis caused by S. aureus (Nielen et al. 1992) .
From our findings it follows that none of the determined results would pose a risk to the quality of milk. The automated milking system thus seems to be excellent in terms of milking and milk hygiene. Robotic milking also has the advantages of promoting good general health of animals and animal welfare and removing the labour.
Kvalita mléka z farmy v České republice s automatizovaným systémem dojení
Cílem práce bylo hodnocení bezpečnosti a kvality syrového kravského mléka získaného roboty -automatizovaným systémem dojení (AMS). U 48 vzorků mléka bylo provede-no chemické a mikrobiologické vyšetření, byl stanoven bod mrznutí a počet somatických buněk a sledována přítomnost reziduí inhibičních látek. K porovnání zjištěných hodnot byly použity výsledky vyšetření mléka získaného ze dvou farem klasickým strojním dojením (CMS) a výsledky hodnocení mléka v České republice za rok 2008. Všechny fyzikálně-chemické ukazatele odpovídaly stanoveným limitům. Průměrné zjištěné hodnoty byly: tuk 3,79 % ± 0,18, bílkoviny 3,46 % ± 0,06, kasein 2,67 % ± 0,09, laktóza 4,82 % ± 0,04, STP 8,96 % ± 0,11, počet somatických buněk 221±46·10 3 ·ml -1 , bod mrznutí -0,521 ± 0,003 °C. U žádného vzorku nebyla zjištěna rezidua inhibičních látek. Z mikrobiologických výsledků byl významný nízký celkový počet mikroorganismů (2,3·10 1 CFU·ml -1 ). Studie podává komplexní pohled na problematiku robotizovaného dojení, které se jeví vynikající zejména z hlediska hygieny získávání mléka a kvality mléka.
